The Wnt signaling pathway regulates a number of biological processes. In the present study, the association between the Wnt signaling pathway and the pathogenesis of cervical cancer was investigated in the human cervical cancer CaSki cell line. An MTT assay was used to screen various concentrations of lithium chloride for use in subsequent experiments. Following incubation of CaSki cells with 0.05 and 0.1 mol/l lithium chloride, Twist and β-catenin were markedly upregulated at the mRNA and protein levels, respectively, compared with the untreated group, as measured by reverse transcription-polymerase chain reaction and western blotting. The results of the present study indicate that Wnt activation (which was induced by lithium chloride) and the subsequent upregulation of Twist may represent one of the molecular mechanisms underlying the occurrence and development of cervical cancer.
Introduction
Cervical cancer is one of the most common malignant tumors and is the second leading cause of cancer-associated mortality in women worldwide (1) . A number of factors, including epigenetic, genetic, cellular, and environmental factors, serve important roles in the carcinogenesis and development of cervical cancer (2) ; however, the precise molecular mechanisms underlying cervical cancer development remain unclear. The Wnt/β-catenin signaling pathway has previously been associated with the etiology of cervical cancer (3, 4) .
The Wnt signaling pathway is an important regulator of a number of biological processes, including cell differentiation in embryogenesis, cell proliferation, cell migration, cell cycle, cell polarity, organogenesis during embryonic development, and tumor progression (5) . Previous reports have demonstrated that aberrant activation of the Wnt/β-catenin signaling pathway contributes to the progression of a number of types of human cancer, including colon cancer, hepatocellular cancer and breast carcinoma (6) (7) (8) . Furthermore, in the majority of cervical cancer specimens, the cytoplasmic and nuclear accumulation of β-catenin, which is the main hallmark of Wnt activation, has been observed (9) .
Twist (also known as Twist family bHLH transcription factor 1) is a member of the highly conserved family of basic helix-loop-helix transcription factors (10) . Twist gene expression is upregulated in a number of types of cancer, including prostate, lung and breast cancer (11) . The upregulation of Twist is associated with angiogenesis and metastasis (11) . In addition, previous reports have suggested that Twist serves a role in tumor metastasis. Fu et al (12) reported that knockdown of Twist prevents lung metastasis in mice.
The purpose of the present study was to further investigate the association between Wnt activation, the subsequent upregulation of Twist and the pathogenesis of cervical cancer. In order to investigate these associations, lithium chloride was used, which is an anti-cancer agent that activates the Wnt/β-catenin signaling pathway through inhibition of glycogen synthase kinase 3β (GSK3β) (13) .
Materials and methods
Cell culture. The human cervical cancer cell line CaSki was purchased from the Experiment Center of Central South University (Changsha, China). The cells were cultured in Dulbecco's modified Eagle's medium (American Amereseo, Solon, OH, USA) supplemented with 10% fetal bovine serum (Hangzhou Sijiqing Biological Engineering Materials Co., Ltd., Hangzhou, China), 100 µg/ml penicillin and 100 U/ml streptomycin at 37˚C in a humidified atmosphere with 5% CO 2 . Cell cultures were cultured at the Laboratory of Tumor Research in South China University (Guangzhou, China).
MTT assay. CaSki cells (1x10 5 cells/ml) were seeded into 96-well plates and grown at 37˚C for 48 h. Freshly prepared lithium chloride (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) was then added (final concentrations: 0, 0.025, 0.05, 0.1, 0.2, 0.4 or 0.8 mol/l). After 2 h incubation at 37˚C, cell viability was assessed using an MTT assay according to the manufacturer's protocol. A total of 100 ml 2% MTT reagent was added to each well. Cells were cultured for 4 h in 37˚C in a CO 2 incubator then the medium was removed. Cells were washed with PBS twice, 500 µl DMSO was added and cells were agitated at a low speed for 10 min at room temperature. The absorbance at 490 nm of each well was measured using a spectrophotometer after 12 and 24 h.
Reverse transcription-polymerase chain reaction (RT-PCR).
Total RNA was isolated from the lithium chloride-treated or untreated CaSki cells using the Qiagen RNeasy kit (Qiagen, Inc., Valencia, CA, USA) and then reverse transcribed using a Reverse Transcription system (Promega Corporation, Madison, WI, USA), according to the manufacturer's protocol. The resulting complementary DNA (20 µl) was amplified using a PCR kit (Thermo Fisher Scientific, Inc., Waltham, MA, USA) with primers specific for Twist (NM_000474.3; forward, 5'-CCT TCT CGG TCT GGA GGA TG-3' and reverse, 5'-AGG AAG GCT GGA AGA GTG C-3'), and β-actin (forward, 5'-CTG GGA CGA CAT GGA GAA AA-3' and reverse, 5'-AGG AAG GCT GGA AGA GTG C-3') was amplified as an endogenous control. The PCR conditions for Twist were as follows: Initial denaturation at 94˚C for 5 min; 35 cycles of denaturation at 94˚C for 30 sec, annealing at 60˚C for 30 sec and extension at 72˚C for 40 sec; and final extension at 72˚C for 2 min. The PCR conditions for β-actin were as follows: Initial denaturation at 94˚C for 5 min; 35 cycles of denaturation at 94˚C for 30 sec, annealing at 51˚C for 30 sec and extension at 72˚C for 42 sec; and final extension at 72˚C for 2 min. The qPCRs were run on a 1.5% agarose gel and a Gel Imaging Analysis system (Shanghai Tocan Bio-Technology Co., Ltd. Shanghai, China) was used to observe the results. An AlphaImager™ 2200 system (ProteinSimple; Bio-Techne, Minneapolis, MN, USA) was used to analyze the results.
Western blot analysis. CaSki cells were harvested and homogenized with lysis buffer (Sigma-Aldrich; Merck KGaA). The protein extract (50 µg/lane) was separated on a 12% SDS-PAGE gel and transferred to nitrocellulose membranes (EMD Millipore, Billerica, MA, USA). Following blocking with 10% nonfat dry milk in TBS, the membrane was probed with a primary monoclonal antibody specific to β-catenin (dilution, 1:1,000; cat no. sc-7963) or β-actin (dilution, 1:1,000; cat no. sc-130656) (both from Santa Cruz Biotechnology, Inc., Dallas, TX, USA) which was used as an internal control for protein loading. The membrane was further probed with horseradish peroxidase-conjugated goat anti-mouse IgG (dilution, 1:2,000; Santa Cruz Biotechnology, Inc.) and the protein bands were visualized using Pierce™ ECL western blotting substrate (Thermo Fisher Scientific, Inc.) and analyzed using ImageJ software (version 1.48u; National Institutes of Health, Bethesda, MD, USA).
Statistical analysis. SPSS software (version 18.0; SPSS, Inc., Chicago, IL, USA) was used for statistical analysis. Each experiment was repeated ≥3 times. Student's t-tests and Tukey's post hoc test were performed. P<0.05 was considered to indicate a statistically significant difference.
Results
Determination of lithium chloride concentration. To study the association between the Wnt signaling system and the pathogenesis of cervical cancer, CaSki cells were treated with lithium chloride. An MTT cell viability assay was performed to screen for a suitable lithium chloride concentration. The absorbance values of the lithium chloride-treated group and control group were determined by MTT assay in order to calculate the growth inhibitory rate of CaSki cells at 24 and 48 h (Fig. 1) . Concentrations of 0.05 and 0.1 mol/l lithium chloride were selected for subsequent experiments.
Twist and β-catenin are upregulated in CaSki cells following treatment with lithium chloride. CaSki cells were treated with 0.05 and 0.1 mol/l lithium chloride (final concentration) for 24 and 48 h. RT-PCR analysis demonstrated that the mRNA level of Twist was markedly increased in lithium chloride treated cells (Fig. 2; lanes A1-A4) compared with the untreated cells. In addition, western blot analysis demonstrated a marked increase in β-catenin protein expression in lithium chloride treated cells (Fig. 3; lanes A1-A4) compared with the untreated cells. These results demonstrate that lithium chloride activates the Wnt/β-catenin signaling pathway in the human cervical cancer CaSki cell line.
Discussion
The Wnt/β-catenin signaling pathway has been reported to be involved in tumorigenesis of a number of types of cancer, including cervical, ovarian, breast and oral cancer (14) . In addition, a number of studies have suggested roles for the Wnt/β-catenin signaling pathway-associated proteins β-catenin, GSK3β, adenomatous polyposis coli protein, Wnt and T-cell factor/lymphoid enhancer factor (TCF/LEF) in cervical cancer progression (15, 16) . The main hallmark of Wnt activation is the cytoplasmic and nuclear accumulation of β-catenin (17) . Ying and Tao (18) previously reported the cytoplasmic and nuclear accumulation of β-catenin in cervical cancer specimens. Stabilized β-catenin translocates to the nucleus and forms a complex with TCF/LEF to activate the Wnt signaling pathway (16) . The abnormal activation of Wnt signaling pathway can induce the nuclear accumulation of β-catenin (17) . Lithium chloride inhibits the activity of GSK3β, consequently inhibiting GSK3β-induced cervical cancer cell proliferation through blockade of the Wnt/β-catenin signaling pathway (13, 19) . In addition, Fadare et al (20) reported the increased expression of β-catenin in cervical cancer; lithium chloride caused Wnt activation and subsequently led to the increased accumulation of cytosolic and nuclear β-catenin with consequent upregulation of Wnt target genes.
The present study focused on the role of the Wnt/β-catenin signaling pathway in the progression of cervical cancer. Human cervical cancer CaSki cells treated with the anti-cancer agent lithium chloride exhibited a marked increase in the expression of β-catenin and Twist. It has previously been reported that Twist acts as oncogene and induces cancer cell proliferation in a number of types of cancer (21) . In addition, Twist has potential roles in tumor metastasis (22) ; however, further studies are required to elucidate the role of Twist in cervical cancer progression.
In conclusion, the present study demonstrated increased expression of Twist and β-catenin in lithium chloride-treated CaSki cells. The results indicate that Wnt activation (which was induced by lithium chloride) and the subsequent upregulation of Twist may represent one of the molecular mechanisms underlying the occurrence and development of cervical cancer.
